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ABSTRACT 

DESIGN, DEVELOPMENT, AND FABRICATION 
O F  A PORTABLE SPECTROMETER-TYPE MONITOR 6 6 16 2b 

A small  po r t ab le  spectrometer was designed and f a b r i c a t e d  

t o  monitor oxygen and hydrogen a s  t h e  f ree  gas  o r  a s  d i s soc ia -  

t i o n  products  i n  t h e  i n e r t  gas  s h i e l d  of t h e  tungs t en - ine r t  

gas  a r c  welding process ,  The hydrogen 6562,8 A and t h e  oxygen 

7771.9 A l i n e s  a r e  t h e  a n a l y t i c a l  l i n e s ,  and t h e  argon 8521,4 A 

l i n e  i s  t h e  i n t e r n a l  s tandard l i n e ,  These l i n e s  w e r e  s e l e c t e d  

because hydrogen 6562.8 A i s  the only  s e n s i t i v e  l i n e  f o r  t h i s  

e l emen t  i n  the  near - inf ra red  and n e a r - u l t r a v i o l e t  reg ions  and 

t h e  oxygen 7771 A t r i p l e t  i s  the most s e n s i t i v e  near hydrogen, 

The argon 8521.4 A l i n e  was se l ec t ed  because i t  has  s i m i l a r  

c h a r a c t e r i s t i c s  t o  argon 8408.6 A and i s  a s i n g l e  l i n e  wi th  no 

s p e c t r a l  i n t e r f e r e n c e ,  Because of design parameters,  s p e c t r a l  

l i n e s  w i th  no o t h e r  c l o s e l y  adjacent  l i n e s  w e r e  r equ i r ed ,  

The f ixed  Eagle mount was chosen because of i t s  s impl ic i ty ,  

I t  has  only t h r e e  o p t i c a l  components: t h e  en t rance  s l i t ,  t h e  

co l l ima t ing  d i f f r a c t i o n  g r a t i n g ,  and the  camera (ex i t  s l i t s  

and photomul t ip l ie r  tubes)  ., A concave g r a t i n g  wi th  a 60-cm 

f o c a l  l eng th  and 610 grooves/mm was blazed i n  t h e  second o rde r ,  

The g r a t i n g  face  i s  76 x 50 mm and has  a r e c i p r o c a l  d i spe r s ion  

of 1 2  A/mm a t  6562Aand 10  A/mm a t  3524 A ,  The t h e o r e t i c a l  

r e so lv ing  p o w e r  i s  90,000. This instrument  r e so lves  t h e  

oxygen 7771 A t r i p l e t  and has  an o p t i c a l  speed of approximately 

I I T  R E S E A R C H  I N S T I T U T E  
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A f i b e r  o p t i c  bundle is  used t o  t r ansmi t  the l i g h t  from 

t h e  a r c  t o  t h e  spectrometer,  s ince  the a r c  does n o t  n e c e s s a r i l y  

s t a y  i n  a f i x e d  plane because of work m e t a l  warpage and the use 

of cons tan t  arc- length welding heads. One end of t h e  f i b e r  

opt ic  bundle se rves  a s  t h e  entrance s l i t  and t h e  other as the 

l i m i t i n g  aper ture .  A s p e c i a l  probe mounted on the s i d e  arm 

holds  a focusing l e n s  wi th  the o p t i c a l  a x i s  1 5 O  t o  the work 

metal  and the three-dimensional s t age  diaphragm-aperture mount, 

The focusing l e n s  g ives  a 3x magnif icat ion of the arc  on the 

1-mm l i m i t i n g  a p e r t u r e ,  so t h a t  t h e  very s h o r t  a r c s  used i n  

aluminum welding can be monitored, The 1-mm ent rance  s l i t  i s  

used t o  compensate t o  some degree f o r  the  l i g h t  loss i n  t h e  

f iber  o p t i c  bundle. Th i s  wide entrance s l i t  can be used be- 

cause there a r e  no l i n e s  t ha t  produce s p e c t r a l  i n t e r f e r e n c e ,  

The varying l e v e l  of blackbody r a d i a t i o n  e n t e r i n g  the 

spectrometer was a s e r i o u s  problem. 

r o t a t i n g  o p t i c a l  wedge t h a t  causes the emission l i n e  t o  o s c i l -  

l a t e  across  the ex i t  s l i t .  

duces an AC s i g n a l  above the DC cu r ren t  of the s t r a y  blackbody 

r a d i a t i o n .  

m u l t i p l i e r  tube changes and e x i t  s l i t  adjustments can be made 

wi thout  d i s t u r b i n g  o p t i c a l  alignment. 

T h i s  w a s  solved by using a 

T h i s  o s c i l l a t i o n  e f f e c t i v e l y  pro- 

B y  using two l i g h t - t i g h t  compartments, photo- 

The s o l i d - s t a t e  readout system i s  unique s i n c e  i t  i s  

e f f e c t i v e l y  an ins tan taneous  d i r e c t - r a t i o  system and not  an 

integrat ion-with- t ime system. 

The r a t i o  system r e l a t e s  the a n a l y t i c a l  t o  i n t e r n a l  s tandard 

Therefore it i s  very s e n s i t i v e ,  

w I I T  R E S E A R C H  I N S T I T U T E  
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response readout and i s  made possible by the use of t h e  Devar 

r a t i o  computer i n  each a n a l y t i c a l  channel. The r a t i o  is 

recorded on Rustrak model 88 recorders .  The electronics a l s o  

provides  o u t l e t s  f o r  osc i l loscope  monitoring of t h e  wavzform 

t o  e s t a b l i s h  proper o p t i c a l  alignment of t he  exi t  s l i ts .  

I I T  R E S E A R C H  I N S T I T U T E  
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DESIGN,  DEVELOPMENT, AND FABRICATION 
O F  A PORTABLE SPECTROMETER-TYPE MONITOR 

I .  SCOPE O F  THE PROGRAM 

The o b j e c t i v e  of t h i s  program was (1) t o  study t h e  addi- 

t i o n a l  parameters involved i n  t h e  s p e c t r a l  monitoring of  

atmospheric contaminants i n  t h e  tungsten i n e r t  g a s  welding 

process  and (2) t o  d e s i g n  and c o n s t r u c t  a compact p o r t a b l e  

multichannel spectrometer t o  monitor atmospheric contaminants 

i n  i n e r t  gas  s h i e l d s .  

11. EXPERIMENTAL STUDIES O F  SPECTRAL PARAMETERS 

A ,  S o e c t r a l  and O p t i c a l  Considerations 

1. Equipment and Mater ia l s  

I n  o rde r  t o  s tudy  t h e  parameters necessary f o r  t h e  design 

of t h e  p o r t a b l e  spectrometer a d d i t i o n a l  experiments with 

welding a r c s  w e r e  necessary,  Equipment included a va r i ab le -  

speed Linde side-beam ca r r i age  and a heavy clampdown f i x t u r e  

mounted o n  a 10- f t  s i d e  beam. 

diameter  steel  columns bol ted  t o  t h e  f l o o r ,  

s i d e  beam could be var ied  from 1 t o  120 i n . / m i n .  

down f i x t u r e  was designed t o  h o l d  p l a t e s  l a r g e r  than 18 x 36 i n -  

A n  Airco model M60-B T I G  torch was mounted h o r i z o n t a l l y  

The beam was he ld  by two 4 - i n , -  

The speed of t h e  

The clamp- 

I l T  R E S E A R C H  I N S T I T U T E  
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i n  f r o n t  of  t h e  side-beam f i x t u r e  on a s t a t i o n a r y  column, An 

o p t i c a l  bench support  was designed and mounted on t h i s  same 

p o s t ,  The o p t i c a l  bench and t h e  accessory o p t i c s  w e r e  mounted 

a t  r i g h t  angles  t o  t h e  s i d e  beam c a r r i a g e  and spec t rograph ,  

The l i g h t  energy was t ransmi t ted  from t h e  welding a r c  t o  t h e  

spectrograph by means of t w o  mir rors  and a l e n s  system, By 

removing one mi r ro r ,  t he  spectrograph could he used occasion- 

a l l y  f o r  o t h e r  purposes A l i g n m e n t  of t h i s  system was found 

t o  be more c r i t . i c a l  than expected The i n i t i a l  experimental  

l ayout  is shown i n  Figure 1 

Two aluminum a l l o y s  were used during t h i s  s tudy ,  2219- 

T87 (9  x 36 x 1/4 i n  ) and 2024 (18 x 36 x I i n , )  Because 

of t h e  excessive warping of t h e  1 /4 - in  - t h i ck  p l a t e s  from t h e  

h e a t  during a welding p a s s ,  t h e  1 - i n  p l a t e s  w e r e  used f o r  

most o f  t hese  s t u d i e s  Since t h e s e  p l a t e s  s t i l l  warped too  

much when using t h e  f ixed  torch t o  maintain a r c  length 

t o i e r a n c e .  it was replaced w i t h  an  Airco Automatic Head r c ~ d e l  

HMH-D welding u n i t  The Brush Recorder Mark I1 was used t o  

measure vol tage  drop Later  t h e s e  readings w e r e  checked 

a g a i n s t  a c a l i b r a t e d  RCA Senior Voltohmist 

The cons tan t  a r c  length head followed t h e  warping of t h e  

meta l  p l a t e  and thus  d id  not  remain o p t i c a l l y  a l i g n e d ,  To 

overcome t h i s  problem, t h e  s y s t e m  on t h e  o p t i c a l  bench was 

changed and t h e  l i g h t  was brought t o  t h e  l e n s  s y s t e m  with a 

f i b e r  o p t i c  bundle This arrangement 1s Shawn i n  Figure 2 ,  

I I T  R E S E A R C H  I N S T I T U T E  
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The end of t h e  f i b e r  o p t i c  bundle ,  which serves a s  t h e  

l i m i t i n g  a p e r t u r e ,  was clamped i n  an aluminum block This 

block ac ted  a s  a diaphragm o n  which t h e  p o s i t i o n  of  t h e  

e l e c t r o d e  t i p  and work metal. could be observed The diaphragm 

block was mounted on a three-dimensional s t a g e  assembled from 

two microscope s t a g e s ,  t hus  permi t t ing  t h e  pos i t i on ing  and 

focusing of any po r t ion  of the a r c  on t h e  a p e r t u r e  

focusing l e n s  was used The e f f e c t i v e  a p e r t u r e  of  t h e  l e n s  

was 16,5 m m y  and it was posi t ioned t o  accept  an P13 s o l i d  

angle  of  l i g h t ,  This  l e n s  has a 39-mm f o c a l  length  and was 

pos i t ioned  76 mm from t h e  e l ec t rode  and 83  5 mm from t h e  

a p e r t u r e ,  so t h a t  i t s  magnification was approximately 1 1 

The l e n s  ho lder  and diaphragm u n i t  w e r e  mounted on a 1 / 4 - i n ,  

aluminum p l a t e ,  which i n  t u r n  was mounted on t h e  c a s t i n g  t h a t  

ho lds  t h e  to rch  head Thus t h e  d i s t a n c e  from t h e  e l e c t r o d e  t o  

t h e  l e n s  i s  f ixed  and t h e  o p t i c a l  a x i s  forms an 1l0 angle  

with t h e  work metal This cas t ing  required cons iderable  machine 

work t o  prepare a plane sur face  p a r a l l e l  t o  t h e  e l e c t r o d e  

A small j i r ;  was  sed tc? n n c i t i o n  the electrode i n  proper 

alignment with t h e  o p t i c a l  ax i s  The d e t a i l s  of t h e  mount 

a r e  shown i n  Figures  3 and 4 

A s i n g l e  

r- - - --- - -  

The spectrograph was the  Jar re l l -Ash  3,4-rneter E b e r t  

mount i n s t r u m e n t ,  model J A - 7 1 0 2 .  w i t h  a 15,000 l i n e / i n  plane 

g r a t i n g  blazed f o r  4000 A i n  t h e  f i r s t  o r d e r ,  The Jar re l l -Ash  

I I T  R E S E A R C H  I N S T I T U T E  
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comparator microphotometer model 2100 was used f o r  densi to-  

metric measurements, The power source was t h e  M i l l e r  model 

360P AC-DC welding power u n i t ,  

Photomul t ip l ie r  response da ta  w e r e  needed f o r  e l e c t r o n i c  

readout  design s t u d i e s ,  A p l a t e  was designed t o  support  t h e  

requi red  end-on type phototubes and was mounted i n  t h e  p l a t e  

ho lder  of t h e  spectrograph,  Two S-1 response photomul t ip l ie r  

tubes  w e r e  mounted, one tube  sensing an a n a l y t i c a l  l i n e  and 

t h e  o t h e r  t h e  i n t e r n a l  standard l i n e ,  A Northeast  high- 

vo l t age  power supply was used t o  supply vol tage  t o  t h e  photo- 

m u l t i p l i e r  tubesLand t w o  e l e c t r o n i c  microvoltmeters w e r e  used 

f o r  readout ,  A Sanborn model 67-1200 four-channel recorder  

was used t o  record some measurements, This u n i t  records t h e  

response of  each photomul t ip l ie r  t u b e  d i r e c t l y  and t h e  r a t i o  

ou tpu t  from t h e  Devar r a t i o  computer, 

2 I n t e r n a l  Standard Studies  - 
a Nondispersed Liqht 

A t  t h e  beginning of t h e  program w e  w e r e  expect ing t h e  

welding research  group a t  KASA, H u r i t s v i i i e ,  t o  iise aii argofi- 

helium mixture, 

emission l i n e  a s  t h e  i n t e r n a l  s tandard l i n e ,  I n  previous work 

For t h i s  r e a s o n  w e  planned t o  use  an argon 

I w e  s t u d i e d  s e v e r a l  l i n e s ,  including 7147,5, 7891,1,  7272,9, 

‘E, Lo Grove, V,  R ,  Raziunas, W ,  A ,  Loseke, and B ,  K O  Davis, 
“Spectrographic  Monitoring of I n e r t  Gas Shie lds  f o r  Atmos- 
p h e r i c  Contaminants Welding J 29 2 8 2 ,  1964 

I I T  R E S E A R C H  I N S T I T U T E  
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7384,0, and 8264-5 A: a l l  of  which a r e  i n  t h e  13,3-eV exc i t a -  

t i o n  p o t e n t i a l  range, 

The dec i s ion  t o  use helium a s  t h e  s h i e l d  gas  c rea t ed  a 

problem s i n c e  t h i s  e l e m e n t  has only  t h r e e  emission l i n e s :  

6678,15 A ,  2307 e V ;  7065,19 A ,  2 2 , 7 1  e V ;  and 7284,35 A ,  

22,91 e V ,  These e x c i t a t i o n  p o t e n t i a l s  a r e  not  compatible with 

those  f o r  oxygen (10,73 ev) hydrogen (12,09 ev) , and n i t rogen  

(13,7 ev) ,  The e x c i t a t i o n  p o t e n t i a l  of  t h e  i n t e r n a l  s tandard 

l i n e  should be a s  near a s  possible t o  t h a t  of t h e  a n a l y t i c a l  

l i n e s ,  so t h a t  t h e  i n t e r n a l  standard l i n e  does not  vary i f  

t h e r e  is an apprec iab le  increase  i n  one o r  a l l  of t h e  e l e m e n t s  

o f  a n a l y t i c a l  i n t e r e s t  

S i n c e  a beam of  nondispersed l i g h t  taken from behind t h e  

s l i t  by means of  a beam s p l i t t e r  i s  used a s  t h e  i n t e r n a l  

s tandard i n  va r ious  methods of spec t roscopic  a n a l y s i s  t h i s  

appeared promising, I t  would save ca r ry ing  a small  q u a n t i t y  

cf argon and t h e  cse of a bleed system, 

The output  s i g n a l s  from t h e  nondispersed l i g h t  w e r e  

q u i t e  e r r a t i c  when t h e  a r c  length o r  su r face  condi t ions  

appeared t o  vary,  Even under condi t ions  of apparent ly  uni- 

form su r face  and nea r ly  constant  a r c  length with t h e  1- i n , -  

t h i c k  2024 a l l o y  a s  t h e  work meta l ,  t h e  s i g n a l  f o r  nondispersed 

2W, A ,  Loseke and E ,  L, Grove, "Analysis of Gaseous Fluorine 
and Chlorine Compounds by U s e  of t h e  Stallwood J e t - D . C .  A r c , "  
Third Nat ional  Meeting, Society of  Applied Spectroscopy, 
Sept ,  1964, 
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l i g h t  was q u i t e  uns tab le ,whi le  t h e  s i g n a l  from an a n a l y t i c a l  

l i n e  was q u i t e  s t a b l e .  The recordings taken with a tungsten- 

to- tungsten low-current a r c  and wi th  t h e  tungsten-to-plate  

welding a r c s  ind ica t ed  t h a t  the  changes i n  t h e  phototube 

ou tpu t  f r o m  t h e  nondispersed l i g h t  w e r e  completely o u t  of  

propor t ion  with those &om t h e  a n a l y t i c a l  channel 

t i o n s  i n  c u r r e n t  f o r  p l a t e  weld passes  r e s u l t e d  i n  q u i t e  

l a r g e  changes i n  t h e  nondispersed l i g h t  ou tput .  When a low- 

c u r r e n t  tungsten-to-tungsten a r c  was used, a change from 10 

t o  20 amp produced a change up t o  3 ,4/1 f o r  t h e  i n t e r n a l  

s tandard output  and only up t o  l u 4 / l  f o r  t h e  a n a l y t i c a l  l i n e  

ou tpu t  with a given l e v e l  o f  oxygen, This r e p r e s e n t s  an 

error of 240%, 

S l i g h t  va r i a -  

The e f f e c t  of a r c  l eng th ,  which is r e f l e c t e d  i n  c u r r e n t  

and vol tage  changes, was evaluated from both t h e  ou tpu t  from 

nondispersed l i g h t  and dispersed l i g h t ,  i , e , ,  d i f f e r e n t  

atomic l i n e s ,  The l - i n -  p i a t e  or' 2024  a l l o y  was shh i i ed  i n  

o r d e r  t o  have a 0,155-in0 change f o r  t h e  36 i n ,  of  c a r r i a g e  

t r a v e l ,  The i n i t i a l  gap was 0 ,060  i n , ,  and t h e  f i n a l  gap was 

0,215 i n .  Readings w e r e  taken a t  approximately 6-in, i n t e r -  

v a l s ,  

concen t r a t ions  a r e  summarized i n  Figure 5. The e f f e c t  of 

i n c r e a s i n g  a r c  length  on th ree  atomic l i n e s  i s  summarized i n  

F igure  6 ,  

34%, while t h e  i n t e n s i t y  of  the s p e c t r a l  r a d i a t i o n  decreased 

The r e s u l t s  f o r  helium and f o r  helium p l u s  o t h e r  gas  

The nondispersed l i g h t  var ied  by approximately 
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I .  

by only  14%. I n  a l l  t h e s e  experiments t h e  l i m i t i n g  a p e r t u r e  

was focused on t h e  same region a t  a cons t an t  d i s t a n c e  from 

t h e  tungsten cathode., 

Although nondispersed l i g h t  i s  used a s  t h e  i n t e r n a l  

s tandard i n  convent ional  a n a l y t i c a l  e m i s s i o n  spectroscopy, 

it cannot be app l i ed  i n  t h i s  s i t u a t i o n .  The explana t ion  f o r  

t h i s  lies i n  t h e  na tu re  of t h e  l i g h t  i n  t h e  2200- to 4400-A 

region and t h e  6400- t o  3330-A region,  Light  i n  a s p e c t r a l  

region i s  e s s e n t i a l l y  made up of  t h e  l i n e s  and band components 

o f  t h e  ma te r i a l s  producing the  l i g h t .  

The pure helium a r c  produced t h e  lowest ou tpu t  from t h e  

phototube monitoring t h e  nondispersed l i g h t  (Figure 5)  , and 

t h e  a d d i t i o n  of any o t h e r  component(s) increased t h e  photo- 

tube response,  even though the  temperature of t h e  a r c  was 

a c t u a l l y  s l i g h t l y  decreased, The a r c  i s  being p a r t i a l l y  

c a r r i e d  by s p e c i e s  with lower e x c i t a t i o n  p o t e n t i a l s ,  a s  shown 

by t h e  decrease i n  t h e  i n t e n s i t y  of the helium l i n e s .  T h i s  

i n t e n s i t y  cont inues t o  decrease a s  t h e  concent ra t ion  of  gases  

such 2 s  irgnn oxygen? hydrogen etc,  is increased,  The 

a d d i t i o n  of 500 ppm of  oxygen, n i t rogen ,  and hydrogen t o  t h e  

helium with 2% argon produced a very small  a d d i t i o n a l  i nc rease  

i n  phototube response,  bu t  it was not  s u f f i c i e n t  t o  be i l l u s -  

t r a t e d  i n  Figure 5. 

A photograph of  t h e  l i g h t  from t h e  helium a r c ,  which i s  

e s s e n t i a l l y  composed of  th ree  emission l i n e s ,  i s  shown i n  

I l l  R E S E A R C H  I N S T I T U T E  
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Figure 7. The a d d i t i o n  of  another  component such a s  argon 

produces a spectrum with many more l i n e s  (Figure 81, and t h e  

s i g n a l  from nondispersed l i g h t  i s  increased ,  a s  i l l u s t r a t e d  

i n  Figure 5. The l a r g e  increase  i n  response f o r  long a r c s  

could be due t o  poor shielding:  t hus  a i r  and work metal  

spec ie s  became abundant i n  t h e  a r c s ,  

Most e l e m e n t s  have r e l a t i v e l y  complex s p e c t r a  i n  t h e  

n e a r - u l t r a v i o l e t  region. For t h i s  reason,  t h e  very small  

a d d i t i o n a l  l i g h t  from t h e  l i n e s  of an added i n t e r n a l  s tandard 

o r  s t r a y  impur i t i e s  have l i t t l e  effect  on t h e  l i g h t  energy 

from an a l r eady  complex spectrum. Therefore the  monitoring 

of  t h e  normal o r  nondispersed l i g h t  a s  t h e  i n t e r n a l  s tandard 

i s  p o s s i b l e  for  convent ional  a n a l y t i c a l  emission spectroscopy 

bu t  n o t  f o r  high-current  h e l i u m  a r c s ,  

b. Dispersed Radiation 

Areas of d i spersed  r a d i a t i o n ,  i , e , ,  a r e a s  conta in ing  no 

emission l i n e s  (background),  w e r e  b r i e f l y  cofisidered by using 

a 50-p s l i t  i n  t h e  spectrograph, W i t h  the  a r c  length and the  

s u r f a c e  condi t ion  a s  cons tan t  a s  p o s s i b l e ,  t he  background l e v e l  

1 was r e l a t i v e l y  s t a b l e  f o r  t h e  helium a r c  a t  a given concen- 

t r a t i o n  of  t h e  atmospheric contaminants (Figure 9 ) .  However, 

a s  atmospheric contaminant was added, a progress ive  change 

occurred  (Figure 10)  This  represents  a change of 54% w i t h  

t h e  a d d i t i o n  of 300 ppm of atmospheric contaminant, which i s  

much too g r e a t  f o r  use a s  a reference. The p a r a l l e l  l i n e s  i n  

I I T  R E S E A R C H  I N S T I T U T E  
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Figures 9 and 10 for the same concentrations represent the 

difference in readout response caused by very small differences 

in physical parameters, such as arc length, electrode tip 

configuration, etc. 

c, Evaluation of APqon Lines 

The response of three argon lines, 6965, 7384, and 8408 A, 

and the adjacent backgrounds were measured in a helium-0.5% 

argon shield gas. The 8408 A line had a much better signal- 

to-background ratio than either the 6965 or the 7384 A line. 

Not only was the 8408 A line the strongest, but the intensity 

of its background was 1/3 and 1/2 that of the 6965 and 7384 A 

lines, respectively. The signal from these lines under various 

conditions was much more stable than that of the nondispersed 

light or background, The effect of increasing concentrations of 

hydrogen and oxygen on specific argon and helium lines is shown 

in Figure 11. There is some change in the intensity of the 

argon line since the excitation potential for argon, 13.09 eV, 

is less than that for hydrogen, 12,09 eV, and for oxy- 10.73 eV, 

Oxygen has a slightly greater effect because of its lower 

excitation potential. The rather large effect of hydrogen on 

the 6678 A line, 23.07 eV, for helium illustrates why helium 

lines are not sutiable for the internal standard, The response 

from increasing quantities of argon in helium was essentially 

a straight line (Figure 11). The line was argon 8408 A. 
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3 .  Analy t i ca l  L i n e  Response 

The response f o r  t h e  6562 A hydrogen and 7 7 7 1  A oxygen 

l i n e s  a r e  l i n e a r  i n  t h e  range 0 t o  300 ppm (Figure 1 2 ) .  The 

d i r e c t  response a t  180 amp i s  less than t h a t  a t  300 amp: t h i s  

i s  t o  be expected. The source of hydrogen, whether hydrogen 

gas  o r  a mixture of  gases ,  had no no t i ceab le  e f f e c t  on i t s  

response. When a blank was repassed over  a bead t h a t  had been  

prepared with inc reas ing  l eve l s  of hydrogen, t h e r e  was a smal l  

i nc rease  i n  t h e  response: thus entrapped hydrogen must have 

b e e n  en te r ing  t h e  a r c  and being exc i t ed  (Figure 1 2 ) .  By using 

a cons t an t  q u a n t i t y  of  oxygen, t h e  photomul t ip l ie r  response,  

when focused on  t h e  7 7 7 1  A t r i p l e t ,  e s s e n t i a l l y  d id  not  change 

when t h e  argon i n  helium was var ied  from 0 t o  2%. This con- 

c e n t r a t i o n  of argon i s  s a t i s f a c t o r y  i n  t h i s  range. A t  t h i s  

p o i n t ,  a s  a t  o t h e r  t i m e s ,  it was d i f f i c u l t  t o  reproduce d i r e c t  

readings  because of s l i g h t  d i f f e rences  i n  a r c  parameters f o r  

each pass. 
--.-,__ 

4. Pos i t ion  of Electrode T i p  

S i n c e  t h e  r e l a t i v e  pos i t i on  of t h e  e l e c t r o d e  t i p  with 

r e s p e c t  t o  i t s  p o s i t i o n  t o  the l i m i t i n g  a p e r t u r e  appeared t o  

s i g n i f i c a n t l y  a f f e c t  t h e  photomult ipl ier  responses f o r  t h e  

gases ,  t h i s  was b r i e f l y  examined, A 2x image magnif icat ion 

wi th  a 1-1/4 mm l i m i t i n g  ape r tu re  was used t o  determine t h e  

e f f e c t  of  imaging t h e  e lec t rode  0 , 2 ,  0 .5 ,  and 1.0 mm from t h e  
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a p e r t u r e  edge (Figure 13) The p o r t i o n s  of  t h e  a r c  c l o s e s t  t o  

t h e  e l e c t r o d e  t i p  have t h e  g r e a t e s t  abundance of  exc i t ed  

s p e c i e s ,  a s  i nd ica t ed  by t h e  s e n s i t i v i t y  f o r  oxygen a t  an 

e l e c t r o d e  t i p  d i s t a n c e  of 0,2 mm, This i n d i c a t e s  t h a t  t h e  

p o s i t i o n  of t h e  a r c  on t h e  a p e r t u r e ,  t o  t h e  e l e c t r o d e  t i p  from 

t h e  edge of t h e  l i m i t i n g  ape r tu re  must be c l o s e l y  maintained, 

Thus a small  j i g  was prepared to  maintain t h e  e l e c t r o d e  t i p  

i n  a cons t an t  p o s i t i o n ,  This  j i g  was used wi th  t h e  assembly 

shown i n  Figure 3. 

5, C a l i b r a t i o n  Curve S tudies  

A f t e r  t h e  va r ious  parameters t h a t  a f f e c t  e x c i t a t i o n  of 

t h e  i n d i v i d u a l  gases  had been  s tud ied ,  t h e  c a l i b r a t i o n  curves 

based o n  t h e  r a t i o  of t h e  i n t e n s i t i e s  of oxygen and hydrogen 

t o  t h a t  of argon w e r e  s tud ied ,  A family of curves  i n  which 

0.125 t o  2% argon was used a s  t h e  i n t e r n a l  s tandard  was pre- 

pared f o r  oxygen and hydrogen i n  t h e  100- t o  500-ppm range by 

t h e  photographic densitometry i i ~ e t h ~ d ,  The curves  w e r e  reason- 

a b l y  p a r a l l e l ,  and t h e  p rec i s ion  of  t h e  s ix  p o i n t s  i n  forming 

a s t r a i g h t  l i n e  was reasonably good, These c a l i b r a t i o n  curves 

w e r e  prepared with on ly  one exposure f o r  each concen t r a t ion ,  

whereas c a l i b r a t i o n  curves compiled f o r  t h e  l i t e r a t u r e  by DC 

a r c  techniques w e r e  t h e  averages of  8 t o  16 exposures f o r  each 

concent ra t ion .  

These c a l i b r a t i o n  curves and s e n s i t i v i t y  da t a  f o r  oxygen 

a s  a func t ion  of argon concentrat ion i n d i c a t e  t h a t  any concen- 

t r a t i o n  i n  t h i s  range w i l l  be s a t i s f a c t o r y ,  
I I T  R E S E A R C H  I N S T I T U T E  
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I n i t i a l  c a l i b r a t i o n  curves fo r  concent ra t ions  less than  

t 

I 

100 ppm prepared on a l l o y  2024 w e r e  q u i t e  poor. 

a r a t i o n  of  p l a t e  1345 (Figure 1 4 ) ,  t h e  work metal  was pre- 

warmed w i t h  two t o  t h r e e  passes ,  80 sec per  pass .  A l o w  flow 

I n  t h e  prep- 

of s h i e l d  gas  was maintained between each weld pass .  Each 

p o i n t  r ep resen t s  exposures from f resh ,  proper ly  cleaned 

sur faces .  

The same c a r e  was used i n  secur ing  t h e  da t a  f o r  p l a t e  

1346 (Figures  14  and 15) 1) except t h a t  a weld p a s s  wi th  c l ean  

s h i e l d  gas  was made over t h e  new su r face  and t h e n  t h e  des i r ed  

q u a n t i t y  of  contaminant was added f o r  t h e  n e x t  pass .  The 

heterogeneous l o c a t i o n  of po in ts  seems t o  i n d i c a t e  t h a t  a 

nonhomogeneous concent ra t ion  of contaminants a t  t h e  s u r f a c e  of 

t h e  a l l o y  was reduced o r  more evenly d i s t r i b u t e d  by t h e  pass  

and apparent ly  reduced t o  a constant  l e v e l ,  The change i n  

t h e  s lope  a t  t h e  l o w e r  end of the c a l i b r a t i o n  curves 

i n d i c a t e s  t h e  presence of r e s i d u a l  contaminants e i t h e r  i n  t he  

metal  o r  i n  t h e  s h i e l d  gas ,  

The s p e c t r a l  response r e s u l t i n g  from adsorbed su r face  

contamination i s  shown i n  Figure 16, The concent ra t ion  of t h e  

hydrogen being added was a constant  80 ppm. The first reading 

was taken about 2 min a f t e r  s t r i k i n g  t h e  a r c  on a co ld  p l a t e .  

The high i n i t i a l  read ings  a r e  be l ieved  t o  be due t o  adsorbed 

mois ture ,  s i n c e  t h e  change was minor a f t e r  t h e  work metal  

became q u i t e  warm and showed a s teady  d e c l i n e  a s  t h e  work 

metal becarehot and t h e  moisture was desorbed, 
I l T  R E S E A R C H  I N S T I T U T E  
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Calculated r a t i o s  based on t h e  readings of photomulti- 

p l i e r  tube response for  hydrogen with 2% argon (F igures  17 and 

18) w e r e  prepared by using t h e  fiber o p t i c  bundle with t h e  

o p t i c a l  system. 

Hencethe output  readings w e r e  low and var ied  considerably.  

Thus t h e r e  i s  a no t i ceab le  lack  o f  l i n e a r i t y  of i n d i v i d u a l  

po in t s .  However, Figure 18 shows t h e  much better reproduci- 

b i l i t y  of c a l c u l a t e d  r a t i o s  from condi t ions  t h a t  produced two 

e n t i r e l y  d i f f e r e n t  d i r e c t l y  measured curves f o r  hydrogen. 

This o p t i c a l  system was n o t  very e f f i c i e n t .  

With s l i g h t l y  longer a r c  lengths  both t h e  d i r e c t l y  

measured curve (Figure 13) and the ca l cu la t ed  r a t i o s  (Figure 19) 

show 

d u c i b i l i t y .  

g r e a t e r  p r e c i s i o n  w i t h  r e spec t  t o  l i n e a r i t y  and repro- 

A temporary o p t i c a l  device was prepared t o  g r e a t l y  magnify 

t h e  e l e c t r o d e  gap and image t h i s  on a screen. 

weidiny irischine was supposedly ope ra t ing  a t  a cons t an t  gap 

l eng th ,  t h e  v a r i a t i o n  during a pass  and from pass  t o  pass  was 

cons ide rab le ,  even though no s e t t i n g s  had been  changed. 

Although the  

Resul t s  obtained w h e c  tracings from t h e  d i r e c t  r a t i o  

readout  system, t h e  Devar mul t ip l i e r -d iv ide r  module, was used 

a r e  shown i n  Figure 20,  

6. A r c  Lenqth and Voltaqe Drop 

The spec t roscop i s t  normally th inks  i n  t e r m s  of a r c  l eng th ,  

wh i l e  t h e  welding e n g i n e e r  records t h e  vol tage .  W e  b r i e f l y  

explored t h i s  p o i n t  s i n c e  vol tage can vary according t o  t h e  
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Figure 18 

RESULT O F  DUPLICATE RUNS 
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machine and t h e  p o s i t i o n  of t h e  connecting leads .  W e  w e r e  

unable t o  develop any c o r r e l a t i o n  be tween our  vo l t age  read- 

ings  and arc-gap measurements, n o r  could w e  c o r r e l a t e  t h e  

da ta  s e n t  us  by NASA, Huntsvi l le .  

7, 

A spec t roscop i s t  a l lows h i s  instrument t o  view only  a 

po r t ion  o f  t h e  a r c  be tween two e l e c t r o d e s  of s o m e  cons t an t  

convenient length ,  such a s  2 t o  3 mm (1 mm = 0.040 i n . ) .  

Blackbody r a d i a t i o n  is  masked by t h e  diaphragm of  t h e  l i m i t i n g  

ape r tu re .  I n  a d d i t i o n ,  t h e  o p t i c a l  a x i s  i s  v e r t i c a l  t o  the 

a x i s  of t h e  e l ec t rodes .  

Blackbody Radiation and t h e  Op t i ca l  Wedqe 

For aluminum welding, i n  which very s h o r t  a r c s  a r e  re- 

qu i r ed ,  t h e  a d j u s t i n g  of t h e  e l e c t r o d e s  t o  mask t h e  blackbody 

o n  t h e  a p e r t u r e  diaphragm is  very c r i t i c a l .  The s i z e  of t h e  

w o r k  metal i s  such t h a t  t h e  o p t i c a l  a x i s  cannot be a t  a r i g h t  

ang le  t o  t h e  e l ec t rode ;  thus t h e  degree of blackbody rad ia-  

t i o n  may be zero f o r  o n e  cu r ren t  and c a r r i a g e  speed, bu t  no t  

f o r  a second. Varying e i t h e r  f a c t o r  could inc rease  t h e  s i z e  

o f  t h e  moiteri pilddle SQ t h a t  t he  blackbody may inc rease  

sharp ly .  Another f a c t o r  observed was t h e  ref lect ion of t h e  

a r c  o n  t h e  smooth p l a t e  surface.  A t  given close d i s t ances  

p a r t  of  t h i s  r e f l e c t i o n  was viewed by the  l i m i t i n g  a p e r t u r e ,  

which behaved i n  a manner s imi l a r  t o  but  less i n t e n s e  than  t h e  

blackbody r a d i a t i o n  f r o m  t h e  e l ec t rode .  

changes i n  t h e  photomult ipl ier  o u t p u t  

system was ad jus t ed  t o  view t h i s  r e f l e c t i o n ,  

There w e r e  l a r g e  

whenever t h e  o p t i c a l  
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The internal standard technique will not compensate for 

gross changes such as these, partly because the dispersed 

background level is different at the different wavelengths. 

The principle of the optical wedge was studied to over- 

come this problem. If an optical wedge (Figure 21) is caused 

to oscillate in front of a light beam from an entrance slit, 

the changing thickness of the wedge produces a change in the 

amount of the refraction of the light beam. This causes the 

spectral line to oscillate across the exit slit (Figure 21). 

The thermal background can be a varying DC signal, but the 

oscillation of the line intensity results in a pulsing DC, 

effectively an AC, output that is separated from the thermal 

background. 

I 
I 
I 
I 
I 

Entrance 

A 

i FA% 

Exit 

w 
B C 

Figure 21 

OSCILLATING WEDGE AND OSCILLATION OF SPECTRX LINE 



A simple wedge device subjec t  t o  l i t t l e  wear i s  a c i r c u l a r  

o p t i c a l  wedge mounted on a 300-rpm synchronous motor such t h a t  

t h e  l i g h t  beam passes  through one s i d e  (Figure 2 2 ) .  The 

s p e c t r a l  l i n e  does no t  follow a t r u e  h o r i z o n t a l  o s c i l l a t i o n  

b u t h a s  a s l i ~ h t l y  c i r a l a r p a t t e r n .  However, t h i s  causes  no 

t r o u b l e  and is  p r e s e n t l y  be ing  used. 

an osc i l l o scope  (AC inpu t )  and a B a l l a n t i n e  model 300 elec- 

t r o n i c  AC vol tmeter  w e r e  both connected a c r o s s  t h e  photomulti- 

p l i e r  tube  load. 

g ive  a s inuso ida l - l i ke  10-cps ou tpu t ,  i n d i c a t i n g  a symmetrical 

sweep on b o t h  s i d e s  of t h e  l i ne .  

For electronic readout ,  

The devia t ion  of the  wedge was ad jus t ed  t o  

The inf luence  of  t h e  wedge was demonstrated with a con- 

s t a n t  amount of hydrogen by varying t h e  length  of  the a r c  and 

a l s o  by introducing the  glow of  the  h o t  e l e c t r o d e  i n t o  t he  

ape r tu re .  No d i f f e r e n c e  i n  t h e  wave he igh t  on t h e  o s c i l l o -  

scope was noted. 

T h i s  concept solved t h e  problem associated w i t h  back- 

ground, r e f l e c t i o n s ,  and a r c  length.  T i m e  d i d  no t  permit more 

eva luat ior!  

a l l  t h e  a v a i l a b l e  t i m e .  

s i n c e  cons t ruc t ion  of  t h e  spectrometer required 

8. Noncataloqued Emission L i n e s  

D i f f i c u l t y  was experienced i n  studying t h e  photomulti- 

p l i e r  tube response f o r  t h e  ni t rogen 8216 A l i n e .  When t h e  

n i t rogen  concent ra t ion  was changed o r  when it was reduced t o  

ze ro ,  t h e r e  was no change. When t h e  spectrum was scanned f o r  
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other  s p e c i f i c  l i n e s ,  s t rong  photomul t ip l ie r  tube  responses 

w e r e  occas iona l ly  observed a t  unexpected wavelengths. Accord- 

ing t o  photographed spec t r a  for  pure aluminum, e m i s s i o n  l i n e s  

should n o t  be p resen t  a t  t hese  wavelengths. 

2024 was used a s  t h e  work metal  a t  t h i s  t i m e .  

Aluminum a l l o y  

Severa l  spec t r a  w e r e  photographed a t  d i f f e r e n t  c u r r e n t  

d e n s i t i e s  and a r c  lengths .  Several  unknown well-defined l i n e s  

a s  w e l l  a s  s e v e r a l  r a t h e r  broad d i f f u s e  l i n e s  w e r e  found. The 

wavelengths w e r e  c a l c u l a t e d ,  but none could be i d e n t i f i e d  

through the a v a i l a b l e  t a b l e s  and a t l a s e s .  Numerous tests 

w e r e  performed t o  ensure t h a t  these l i n e s  w e r e  e x c i t a t i o n  

l i n e s  and n o t  r e f l e c t i o n s .  

O n e  l i n e  was so c l o s e  t o  t h e  8216 A n i t rogen  l i n e  t h a t  

t h e  ex i t  s l i t  on the  3.4-meter spectrograph d id  n o t  exclude 

it. Thus it would not  be poss ib l e  t o  exclude it from the  

n i t rogen  8216 A l i n e  w i t h  t h e  smal l  spectrometer.  A second 

broad and d i f f u s e  l i n e ,  approximately 6544 A ,  was f o m d  near 

t h e  hydrogen 6562 A l i n e ,  b u t  it was f a r  enough away t h a t  it 

probably could be masked. 

Thir teen  unknown l i n e s ,  very s t rong  to  moderately s t r o n g ,  

w e r e  found i n  t h i s  region. Most w e r e  i d e n t i f i e d  a s  magnesium 

I11 l i n e s .  T h e  l i n e s  w e r e  n o t  i d e n t i f i e d  from t h e  l i t e r a t u r e  

b u t  f r o m  t he  low-current a rc ing  of very pure metals i n  a helium 

atmosphere. 
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Because of t h e  s p e c t r a l  i n t e r f e r e n c e  by t h e  unknown l i n e  

for  t h e  ni t rogen 8216 A l i n e  and because t h e  pre l iminary  

p o r o s i t y  s tudy ind ica ted  t h a t  ni t rogen i n  helium had no 

d e l e t e r i o u s e f f e c t  on t h e  weld bead, n i t rogen  was dropped from 

t h e  e l e m e n t s  t o  be monitored. 

La ter  t h e  spec t r a  w e r e  photographed by us ing  aluminum 

a l l o y  2219. None of these l i n e s  appeared, and t h e  background 

decreased t o  a much l o w e r  l eve l .  Thus t h i s  a l s o  ind ica ted  t h a t  

these new l i n e s  and t h e  high background w e r e  l a r g e l y  due t o  

t h e  magnesium i n  t h e  2024 a l loy .  

B.  E l ec t ron ic  D e s i q n  C r i t e r i a  

1. Choice of Pho toe lec t r i c  Sensor 

I n  o rde r  t o  s e n s e  t h e  energy o f  e m i s s i o n  l i n e s  a t  the 

requi red  wavelengths, t he  sensor  must have the  following 

g e n e r a l  c h a r a c t e r i s t i c s :  

(1) F a i r l y  lsrge s e n s i t i v e  a rea  

(2) S p e c t r a l  s e n s i t i v i t y  f r o m  t h e  mid-vis ible  

t o  t h e  near- infrared region 

(3) L i n e a r i t y  over a wide range of l i g h t  

i npu t s  

(4) S e n s i t i v i t y  e s s e n t i a l l y  independent of  

ambient temperature 

(5) High s e n s i t i v i t y  t o  l i g h t  input .  
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The combination of t h e s e  p r o p e r t i e s  appears  t o  r u l e  o u t  

t h e  a v a i l a b l e  semiconductor sensors  and to  favor  t h e  photo- 

emission (phototube) sensor. The performance of t h e  simple 

vacuum phototube s a t i s f i e s  a l l  t h e s e  requirements except t h e  

l a s t ,  The m u l t i p l i e r  phototube (pho tomul t ip l i e r )  has  t h e  

requi red  high s e n s i t i v i t y  i n  add i t ion  t o  t h e  o t h e r  p r o p e r t i e s .  

The da ta  i n  t h e  following paragraphs i n d i c a t e  why t h e  photo- 

m u l t i p l i e r  i s  necessary and why t h i s  type of photomul t ip l ie r  

tube  was chosen. 

2. Required S p e c t r a l  Response of Photoemission Sensor 

The major s p e c t r a l  emission l i n e s  s tud ied  f o r  t h e  monitor- 

i n g  instrument included: 

Hydrogen 6562.9 A 

Oxygen 7771.9 A 

Nitrogen 8216.5 A 

(8408.2 A 
(8521.4 A 
(7147.5 A 

I n  o rde r  t o  d e t e c t  t h e  s p e c t r a l  range from 6500 t o  

8550 A ,  tile S - 1  ph~sphcr is required.  This phosphor has  two 

peaks,  o n e  i n  t h e  nea r -u l t r av io l e t  a t  3500 A and one in the 

near - inf ra red  a t  8000 A. The l a t t e r  peak is  q u i t e  broad, 

and a near maximum response is obtained through t h e  above 

range of  s p e c t r a .  The S-20 phosphor approaches t h e  requi red  

range ,  bu t  i t s  response f a l l s  o f f  r a p i d l y  a t  wavelengths 

longer than 8000 A,  
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3 ,  Phototube versus Photomultiplier Tube 

Initial experiments were conducted to compare the RCA 

type 917 vacuum phototube with the RCA type 7102 photomulti- 

plier. Both tubes utilize the S-1 phosphor, The 917 is a 

sensitive phototube with a reasonably large cathode area, 

The 7102 is one of the few photomultipliers with the S-1 

phosphor that is readily available; it is an end-cathode tube 

and has a comparatively low dark current, The Dumont type 8062 

has similar characteristics, including base dimensions, but 

has a somewhat smaller cathode area, 

A suitable mounting and bridge circuit was constructzd 

for the 917 phototube. An Eldorado microphotometer was fitted 

with a 7102 photomultiplier, and tests were run on the oxygen 

emission line at the 500-ppm level of oxygen in the inert 

shield gas. No response was observed with the phototube. The 

photomultiplier gave an output of i , O  ,,,am2 at an operating 

sensitivity of 5 pamp per rnicro17.x~e.n., The phototube response 

(if it could have been observed) would have been only 1/100 of 

its dark current and thus was well beneath its noise level, 

The RCA 7102 was thus chosen as the operating detector for the 

contamination lines of interest, 

4.  Criteria for Internal Standard and Liqht Choppinq 

For direct-reading spectrometers with an internal 

standard the signals are normally integrated as a function of 

time. In this method, the energy sensed for the internal 
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standard i s  i n t e g r a t e d  ( a s  i n  the charging of a capac i to r )  

u n t i l  a c e r t a i n  predetermined energy l e v e l  is  reached. A t  

t h i s  p o i n t  t h e  s i g n a l  from t h e  a n a l y t i c a l  l i n e s  of i n t e r e s t  

a r e  a t  a r e l a t e d  l e v e l  and a r e  au tomat ica l ly  read out :  t h e  

procedure i s  then repeated,  

an immediate response t i m e  was des i r ed ,  an o n - l i n e  type of 

readout i s  e f f e c t i v e l y  needed, 

use of a r a t i o  computer i n  each a n a l y t i c a l  and i n t e r n a l  s tan-  

dard photomul t ip l ie r  c i r c u i t  

I n  t h e  p re sen t  a p p l i c a t i o n ,  where 

This  was accomplished by t h e  

Exploratory work was necessary t o  eva lua te  the type of 

i n t e r n a l  standard.  

t o  be used a s  t h e  i n t e r n a l  standard was sensed by a type 917 

phototube and a DC readout c i r c u i t ,  

a n a l y t i c a l  l i n e  was monitored by using a type 7102 photomulti- 

plier.  For t h i s  experiment, a s  w e l l  a s  for  succeeding o n e s ,  

a s p e c i a l  photomul t ip l ie r  br idge and balancing c i r c u i t  feed- 

ing i n t o  a DC e l e c t r o n i c  microvoltmeter w e r e  used ir! place  of 

t h e  Eldorado i n  o r d e r  t o  obta in  adequate dark c u r r e n t  balanc- 

ing c a p a b i l i t y .  The resclting average s i g n a l  l e v e l s  obtained 

w i t h  var ious  types  of  a r c s  a re  given i n  Table 1. 

The nondispersed l i g h t  f r o m  a beam s p l i t t e r  

A t  t h e  same t i m e  a given 

Note from Table 1 t h a t  even though t h e  phototube values  

a r e  i n  t he  microvol t  l e v e l ,  they can be read w i t h  t h i s  type 

of instrument.  However, from multichannel recordings t h e  

nondispersed channel d id  n o t  vary i n  t h e  same manner w i t h  t h e  

emission l i n e  channel under var ious condi t ions .  Thus t h e  
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nondispersed phototube type of internal standard was not 

suitable, Table 2 shows additional signal levels obtained 

with 1-in, aluminum plate welding;. these data include various 

argon lines that can be used for the internal standard, ( A  

small quantity of argon was added to the helium shield gas,) 

The 3,4-metes spectrograph was used for these experiments, 

As shown in Tables 1 and 2 ?  whereas the photomultiplier 

signal readings are in the volts range, the photomultiplier 

background readings are a sizable portion of the total read- 

ings, (In Table 2 the background reading is the 0 ppm reading,) 

These tables do not include the dark current values, which 

also were a sizable portion of the total (ranging from 0,4 to 

0,8 VI, One-megohm photomultiplier and phototube load resis- 

tors were used throughout, equating microamperes to volts, 

A n  on-off light chopper with an AC amplification system 

is generally used to solve the dark current problem, but this 

does not solve the background level (arc background) problem, 

The latter was solved by using an optical wedge, which acts as 

a chopper, This type of c h p p e r  shifts the spectrum line back 

and forth across the exit slit during each revolution, Thus 

the peak-to-peak AC signal that results is proportional only 

to the difference in energy between the emission line and the 

total background, This technique was tried experimentally by 

using a Ballantine model 300 AC vacuum tube voltmeter capaci- 

tively coupled to the photomultiplier anode, The wedge disc 
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was r o t a t e d  a t  5 r p s ,  g iv ing  a 10-cps s i g n a l  (two peaks w e r e  

obtained f o r  each r e v o l u t i o n ) ,  T h i s  concept solved the dark 

c u r r e n t  problem and a l s o  the high-level background problem 

from blackbody r a d i a t i o n ,  

I11 DESIGN AND CONSTRUCTION 

A, O p t i c a l  System 

1, B a s i c  D e s i q n  Requirements 

A b a s i c  o p t i c a l  design w i t h  the  l e a s t  number of o p t i c a l  

p a r t s  f o r  alignment was considered best f o r  t h i s  spectrometer ,  

The design i s  e s s e n t i a l l y  a f ixed  Eagle mount and a modifica- 

t i o n  of the Rowland c i rc le  p r i n c i p l e ,  w h i c h  c o n s i s t s  

e s s e n t i a l l y  of three p a r t s :  t he  s l i t ,  the  concave g r a t i n g ,  . 

and the camera ( i n  t h i s  case photomul t ip l ie r  tubes)  , The 

concave g r a t i n g  a c t s  both a s  the d i spe r s ing  and focusing device,  

and no co l l ima t ing  l e n s  o r  mirror i s  necessary,  The s l i t ,  

g r a t i n g ,  and camera (photomui t ip i ie r  tubes! a r e  fixed on  the 

Rowland c i rc le ,  and the spectrum of i n t e r e s t  i s  i n  focus a t  

a i l  tixss, 

The s p e c t r a l  region w a s  determined by us ing  the a v a i l a b l e  

a n a l y t i c a l  l i n e s  f o r  hydrogen and oxygen, The  6562,8 A 

hydrogen l i n e  i s  the only  s e n s i t i v e  l i n e  f o r  t h i s  e l emen t  i n  

the n e a r - u l t r a v i o l e t  and v i s i b l e  spectrum. The 7771.9 A l i n e  

i s  the only  oxygen l i n e  c lose  t o  the hydrogen l i n e ,  I n  t h i s  

reg ion  t h e  s t r o n g e s t  ni t rogen l i n e ,  although i t  i s  s t i l l  r e l a -  

t i v e l y  weak, i s  the one a t  8216,4 A ,  
I IT  R E S E A R C H  I N S r l T U T E  

45 IITRI-U6010-18 



The S-1 response tube,  ava i l ab le  only  i n  t h e  end-on type 

of photomul t ip l ie r ,  i s  needed f o r  t h i s  s p e c t r a l  reg ion ,  These 

tubes ,  inc luding  t h e  s h i e l d  and bracke t ,  a r e  1,88 i n ,  i n  

diameter ,  and wi th  the  socket  approximately 5 i n ,  long, I f  

these  tubes  a r e  t o  be mounted on t h e  f o c a l  curve t o  monitor t h e  

oxygen 7771,9 A and the  n i t rogen  8216,4 A l i n e s ,  t he  very 

minimum rec ip roca l  d i spe r s ion  poss ib l e  i s  15 A/mm, I f  t h i s  d i s -  

pers ion  w e r e  used, however, t h e  tubes would be o f f - cen te r ,  A 

value of 14,6 o r  14,l A / m  would be bet ter ,  although t h i s  i s  a 

high r e c i p r o c a l  d i spe r s ion  f o r  a small  instrument ,  A very 

long f o c a l  curve with r e spec t  t o  t h e  r ad ius  of curva ture  i s  

requi red  t o  cover t h e  s p e c t r a l  region,  

Af t e r  t h e  g r a t i n g  s p e c i f i c a t i o n s  had been e s t a b l i s h e d ,  

n i t rogen  was de l e t ed  from t h e  requi red  e l e m e n t s  because of i t s  

observed s p e c t r a l  i n t e r f e r e n c e  wi th  the  8216 A n i t rogen  l i n e  

when 2024 aluminum a l l o y  was used and because n i t rogen  appeared 

t o  have no d e i e t e r i o u s  e f f e c t  on weld bead q u a l i t y ,  

2 ,  Grat inq and Op t i ca l  Desiqn 

I n  o rde r  t o  m e e t  system requirements,  a g r a t i n g  was de- 

s igned,  The concave g r a t i n g  has an 82-  by 56-mm grooved s ~ -  

f a c e ,  a 60-cm r a d i u s  of curvature ,  and 610 grooves/mm 

(approximately 15,000 grooves / in , ) ,  The g r a t i n g  was blazed i n  

t h e  second o rde r  f o r  t h e  6400- t o  8400-A region,  This  i n s t r u -  

ment has  a speed of approximately f /8 ,  
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To e s t a b l i s h  the  requi red  parameters of  t h e  g r a t i n g ,  

s e v e r a l  c a l c u l a t i o n s  w e r e  required,  

A mA = - ( s i n  i 2 s i n  Q) N 

where 

m = orde r  

A = l i n e a r  ape r tu re  of t h e  g r a t i n g  

N = t o t a l  number of grooves 

i = angle  of incidence of l i g h t  on t h e  g r a t i n g  

Q = angle  of d i f f r a c t i o n ,  

By d i f f e r e n t i a t i n g  the  g r a t i n g  equat ion (Equation 1) with 

respect t o  wavelength, 1. (i i s  a cons tan t  w i th  respect t o  x ) ,  
t h e  angular  d i spe r s ion  equation i s  obtained: 

( 2 )  
N m  - -  dQ P 

d), A cos Q 

B y  combining Equation 2 w i t h  t h a t  f o r  l i n e a r  d i spe r s ion  (Equa- 

t i o n  3) and tak ing  i t s  r ec ip roca l ,  t h e  formula for pla te  

f a c t o r  f o r  t h e  g r a t i n g  i s  obtained (Equation 4 ) .  

- d l  I dQ 
dX - r z  

where 

f = r a d i u s  of  curvature ,  

For an approximation, assume cos Q = 1; then the  reciprocal 

d i s p e r s i o n  i s  approximately 14,l A / m ,  This  e s t a b l i s h e s  t h e  

grooves per inch  required t o  produce t h e  space needed between 
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photomul t ip l ie r  tubes  on t h e  foca l  curve,  

i s  not  0 ,  t h e  r ec ip roca l  d i spe r s ion  w i l l  be less and w i l l  vary 

a s  a func t ion  of wavelength, 

However, s i n c e  LQ 

Very c lose  r ec ip roca l  d i spe r s ion  to l e rances  could not  be 

obtained by varying the  number of grooves per inch  by a s m a l l  

q u a n t i t y  such as  1000 o r  2000 grooves, Grat ings are r u l e d  i n  

mul t ip l e s  such a s  7500, 15,000,  o r  30,000 grooves per inch  

because of t he  s e t t i n g s  and con t ro l s  on modern r u l i n g  engines ,  

The angle  of  incidence normal wi th  the  g r a t i n g  was found 

t o  be 19O (Figure 23) ,  which places t h e  hydrogen 6562 A l i n e  

as  close t o  the  entrance s l i t  a s  possible, If t h e  optimum 

angle  of 23O w e r e  used, the  hydrogen l i n e  would be r e f r a c t e d b a c k  

very close t o  the  en t rance  s l i t ,  For t h i s  reason the  angle  of 

incidence would a l s o  inf luence  t h e  r ec ip roca l  d i spe r s ion ,  

B y  c a l c u l a t i n g  Q i n  t h e  g r a t i n g  formula (Equation 11, t he  

fol lowing angles  were obtained,  

Eydrogen 6562,8 A 28O22I cos  Q = 0,8799 

Oxygen 7771,9 A 38030n cos Q = 0,7826 

Argon 8521,o A 45O34' cos Q = 0,7001 

Therefore t h e  reciprocal d i spe r s ion  becomes : 

6562,8 A 1 2 , 4  A/mm 

7771,9 A 1 1 , O  A/mm 

8521-0 A 9.9 A / m  

Then the  d i s t ance ,  r ,  from t h e  cen te r  of t h e  g r a t i n g  t o  

t h e  p o i n t  of focus on the  foca l  curve can be c a l c u l a t e d  from 
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t h e  equat ion f o r  l i n e a r  d i spers ion  (Equation 3), The ex i t  

s l i t s  f o r  t he  photomul t ip l ie r  t u b e s  are loca ted  a t  t hese  posi- 

t ions:  

6562,8 A 530, l  mm 

7771,9 A 473,2 mm 

8521,O A 430,2 mm 

The  o v e r a l l  l ayout  i s  drawn according t o  scale i n  

Figure 23, Nitrogen a t  8216 A was not  included s i n c e  t h i s  gas  

d i d  not  in f luence  t h e  aluminum welding, The 8521 A argon l i n e  

was used as  t h e  i n t e r n a l  standard i n  place of t h e  prev ious ly  

planned 8408 A l i n e ,  The 8428 A argon l i n e  i s  so close t h a t  i t  

iirriits t h z  s:.,.eep frnm t he  o p t i c a l  wedge and a proper wave form 

s i g n a l  i s  not  possible, 

The o p t i c a l  compartment i s  a c t u a l l y  divided i n t o  t w o  p a r t s  

separa ted  by a s o l i d  l i g h t - t i g h t  b a r r i e r ,  One pa r t  conta ins  

the  entrance s l i t ,  g r a t i n g  and mount, and the op t i ca l  wedge; 

t h e  o t h e r  par t  con ta ins  the  e x i t  s l i ts .  photomul t ip l ie r  t ubes ,  

and mounts, The ex i t  s l i t  for  each emission l i n e  was loca ted  

on t h e  f o c a l  curve i n  t h e  ca l cu la t ed  p o s i t i o n ,  and t h e  posi- 

t i o n s  w e r e  L I I C A ~  -L-- -- nvnnri LAbruL _...---_-_ manta1 l y n  S l i t -ex tens ion  tubes,  

1-3/8 i n ,  I D ,  extend from the e x i t  s l i t  assembly through the  

barrier w a l l ,  

W i t h  t h i s  two-compartment arrangement i t  i s  possible t o  

a d j u s t  the ex i t  s l i t s  with the instrument  i n  opera t ion ,  Photo- 

m u l t i p l i e r  tubes  can a lso be replaced without  d i s t u r b i n g  

I I T  R E S E A R C H  I N S T I T U T E  
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t he  o p t i c a l  alignment, The b a r r i e r  wa l l  a l s o  adds s t r e n g t h  

and r i g i d i t y  t o  the  case ,  

The case was made from Bevelax 100A, a material recom- 

mended by the  Mechanical Engineering Div is ion ,  This  ma te r i a l  

i s  h ighly  r e s i s t a n t  t o  moisture and thermal e f f e c t s ,  A l l  

j o i n t s  except  those f o r  t h e  l i d s  w e r e  jo ined  wi th  epoxy r e s i n  

and bolts, 

3 ,  Grat inq and Mount 

The g r a t i n g  block i s  b o r o s i l i c a t e  g l a s s ,  56 by 8 2  by 1 2  mm. 

An o f f s e t  edge, The dimensions of the  face  a r e  50 and 76 mm, 

3 by 3 mm, wasc-ound on each of t h e  fou r  s i d e s  of t h e  blank so 

LL-J- L l l u L  it could he h e l d  behind a frame wi th  t h e  concave f a c e  

p r o j e c t i n g  i n  f r o n t  of the  mount ,  Thus t h e  g r a t i n g  i s  r t i u u ~ ~ d  

i n  a s p e c i a l l y  designed shock-res i s tan t  mount, so t h a t  t he  

g r a t i n g  cannot become dislodged and damaged, The b a s i c  d e t a i l s  

of t he  g r a t i n g  and mount are shown i n  Figure 2 4 ,  

B e t w e e n  t he  frame and t h e  o f f s e t  edge, t h e  to l e rance  i s  

on ly  0,005 i n , ,  and between the g r a t i n g  blank and the  wa i l s  of 

t h e  mount, 0,010 i n ,  Thus the frame a l s o  a c t s  a s  t h e  center -  

ifig dzvicc,  The g r a t i n 9  i s  held a g a i n s t  t h e  f r o n t  r e t a i n i n g  

frame by t h r e e  f l a t  0,020-inO phosphor bronze sp r ings ,  This 

provides  equiva len t  pressure  a t  a l l  p o i n t s  so t h a t  t h e r e  w i l l  

be no d i s t o r t i o n  due t o  pressure ,  which would be the  s i t u a t i o n  

i f  t h e  frame held t h e  g r a t i n g  blank a g a i n s t  t h e  back wal l  of 

t h e  mount, 
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4 ,  Opt ica l  Wedqe-Slit S y s e  

The o p t i c a l  wedge i s  a c i r c u l a r  g l a s s  disc  ground 3 , 3 O  

o f f  p a r a l l e l :  i t  i s  dr iven  a t  300 r p m  w i th  a Borg synchronous 

motor (Figure 23) ., The d i s c  i s  placed 1 i n ,  from the entrance 

s l i t ,  I n  t h i s  p o s i t i o n  t h e  emission l i n e s  sweep through a 

d i s t a n c e  of  3,5 mm a t  the e x i t  s l i t ,  

f i l l e d  a t  a l l  times during a r o t a t i o n ,  

The g r a t i n g  i s  b a s l c a l l y  

The en t rance  s l i t  i s  t h e  end of  the f iber  o p t i c  bundle 

and i s  1 mm w i d e  and 19,8 mm high, T h i s  1-mm s l i t ,  w h i c h  i s  

considered very wide, i s  used to br ing  i n  a s  much l i g h t  energy 

a s  poss ib l e  and compensates f o r  t h e  l i g h t  loss due t o  t he  f iber 

sp t i c  Su~dle, T h i s  w i d e  s l i t  i s  possible s ince  high resolu-  

t i o n  i s  not  necessary and s ince no c lose  l i n e s  froiil i ;~e ai-cj~z- 

helium s h i e l d  gas  and 2219 aluminum a l l o y  a r e  p r e s e n t  t o  

i n t e r f e r e  w i t h  the a n a l y t i c a l  and i n t e r n a l  s tandard l i n e s ,  

The f a c e  p l a t e  f o r  the entrance s i l t  silaiild >e c i t  5 rirjht 

angle  t o  the i n c i d e n t  ray  of the  g r a t i n g ,  However, because of 

the d i f f r a c t i o n  due  t o  the o p t i c a l  wedge, tne f a c e  plate i s  

set  a t  9l0 t o  compensate f o r  the e f fec t  of the wedge, 

mL 1 1 1 2  - v i +  + * I C  -A&-_ = l i t <  are 2 mm wide and 22 mm high,  The 22-mm- 

long e x i t  s l i t  permits the t o t a l  image of the en t rance  s l i t  t o  

be viewed by the photomul t ip l ie r  tube ,  s ince  there i s  a small 

v e r t i c a l  o s c i l l a t i o n  due to  t h e  o p t i c a l  wedge, 

The ex i t  s l i t  arrangement and photomul t ip l ie r  tube housing 

assembly a r e  shown i n  F i g u r e  2 5 ,  The o v e r a l l  l eng th  of the 

tube sh ie ld ,  which inc ludes  t h e  space f o r  socket  connections,  
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i s  6-3/4 i n ,  

t he  photomul t ip l ie r  tube housing i s  1-13/32 i n ,  This  space 

permi ts  t h e  emission l i n e  t o  defocus and cover a g r e a t e r  a r ea  

of the  cathode, The base p l a t e  f o r  t h i s  assembly i s  8 i n ,  long, 

The center of t he  assembly i s  2,062 i n ,  above t h e  base of the 

case ,  The o v e r a l l  l eng th  of t h i s  assembly could have been 

reduced by the  use of s h o r t e r  tube-to-socket beads and smaller  

AN connectors,  This  i n  t u r n  would have permit ted t h e  use of a 

smaller  o v e r a l l  ca se  (Figure 23) 

The connector tube between t h e  s l i t  assembly and 

The e x i t  s l i t  can be adjusted i n  t h e  l a t e r a l  d i r e c t i o n  

wi th  a screw adjustment,  The v e r t i c a l  adjustment i s  a l s o  

accomplished by mea-n,s nf a screw locknut  arrangement a t  each 

corner  of t h e  s l i t  assembly, These s c r e w s  f i t  i n  the  bsse  lata 

b o l t s  t h a t  w e r e  d r i l l e d  and tapped fo r  t h i s  purpose, The jaws 

of the  e x i t  s l i t s  a r e  prepared from 1/64-in, r azo r  blade s teel  

and mounted wi th  small  s c r e w s ,  The sharpened wedges serve 5s 

t h e  e x i t  s l i t  jaws, 

Brass was used i n  cons t ruc t ing  t h e s e  p a r t s  a s  w e l l  a s  

those  f o r  t h e  g r a t i n g  mount. 

5 , 

The f i b e r  o p t i c  bundle was prepared such t h a t  t he  entrance 

Fiber S ~ k i  - z B u ~ d l e  

s l i t  and l i m i t i n g  ape r tu re  ends had t h e  same dimensions, 

namely, 1 by 19,8 mm, The f i b e r s  a r e  0,004 i n ,  i n  diameter and 

a r e  p a r a l l e l  so t h a t  t h e  bundle i s  very nea r ly  coherent ,  The 

co re  ma te r i a l  i s  Sho t t  F-2, Nd = 1,62,  g l a s s  rod,  and the  

coa t ing  i s  Kinble R-6 g l a s s ,  Nd = 1,52,  
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The bundle i s  covered wi th  la tex rubber tub ing ,  which i n  

t u r n  i s  covered wi th  t inned  copper tubu la r  b r a i d ,  The ends 

a r e  cemented i n t o  s p e c i a l  s l i t  blocks,, 

6 ,  Sidearm Mount 

The sidearm mount, set on 1/4-in0 aluminum p l a t e  and 

s i m i l a r  t o  t h e  one used i n  t h e  experimental  work (F igures  3 

and 4 ) ,  uses  a l a r g e r  l e n s  f o r  more l i gh t -ga the r ing  p o w e r  and 

g r e a t e r  magnif icat ion,  

t h e  sidearm of the  welding machine b u t  t o  a p l a t e  t h a t  has  

a l r eady  been f i t t e d  t o  a p a r t i c u l a r  machine, The l ayou t  i s  

shown i n  Figure 26, 

This mount i s  n o t  a t t ached  d i r e c t l y  t o  

-., *xne distarice frzm the  a r c  t o  the  l e n s  i s  88 mm and from t h e  

l e n s  t o  t h e  ape r tu re  i s  264 mm. This  g i v e s  an e f f e c t i v e  11myiii- 

f i c a t i o n  of 3x, The l e n s  s e l ec t ed  i s  a coated achromat with a 

diameter of 34 mm and a f o c a l  l eng th  of 66 mm, Thus with a 

1-mm (0 ,040- in0)  entrance s l i t  t h e o r e t i c a l l y  an ~ L C  gay; sf 

0,014 i n ,  can be viewed, The e f f e c t i v e  ape r tu re  of t h e  l e n s  i s  

approximately 33 mm because of t h e  r e t a i n i n g  r i n g  i n  t h e  

ho lde r ,  and a t  t h i s  d i s t a n c e  i t  accepts  a s o l i d  angle  of ;200  

The o p t i c a i  a x i s  with the x e r k  m e t - a 1  i s  15O, I n  our  estima- 

t i o n  t h e  diameter d i s t ance  and magnif icat ion va lues  a r e  the  

best o p t i c a l  compromise, I f  a l a r g e r  l e n s  had been used, a 

l a r g e r  angle  wi th  the  work metal would be requi red ,  Then t h e  

probe would be looking i n t o  more of t h e  ho t  puddle i n s t e a d  of 

behind i t ,  I f  t h e  l e n s  were moved c l o s e r  t o  t h e  a r c ,  more fog- 

ging would r e s u l t  and a l a r g e r  angle  wi th  t h e  work metal would 

be r equ i r ed ,  I I T  R E S E A R C H  I N S T I T U T E  
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The l i g h t  e n t e r s  t h e  f i b e r  bundle a t  a s o l i d  angle  of 

7.5O, which i s  a l s o  t h e  emerging  angle  a t  t h e  en t rance  s l i t ,  

This  i s  s u f f i c i e n t  t o  e f f e c t i v e l y  f i l l  t h e  g r a t i n g ,  This  

s l i g h t l y  o v e r f i l l s  t he  g r a t i n g ,  which is necessary t o  avoid 

v a r i a t i o n  of t he  background s i g n a l  i n  a 5-cps p a t t e r n  and 

thus  t o  avoid recording a background s igna l  a s  p a s t  of t h e  AC 

s i g n a l ,  The aluminum block t h a t  holds  t h e  end of t h e  f iber  

o p t i c  bundle a l s o  a c t s  a s  t h e  diaphragm on which the  p o s i t i o n s  

of t h e  e l ec t rode  t i p  and work metal can be observed, This  

diaphragm block i s  a l s o  mounted on the  three-dimensional s t a g e  

t h a t  permits  t h e  p o s i t i o n s  and focusing of any p o r t i o n  of t h e  

a r c  on the  apci-ture, 

A Kodak Wra t t en  A series filter, which removes a l l  

s p e c t r a  i n  the  2200-  to  6000-A reg ion .  f i t s  i n t o  t h e  l e n s  

holder  d i r e c t l y  i n  f r o n t  of t h e  l e n s ,  

The o v e r a l l  o p t i c a l  layout I S  summarized i n  F i g u r e  2 - i 0  

B E i e c t r  onic 5 . s tzm --.- j. -_I---- - ._ -- --.- 

1 , Functional D e s c r i p t i o n  

The e l e c t r o n i c  system developed i s  e s s e n t i a l l y  a th ree-  

_l_--ll-lll_--ll--I I--- 

channel system t h a t  monitors t h e  hydrogen 6563 A l i n e ,  t h e  

oxygen 7 7 7 1  A l i n e ,  and t h e  argon 8521 A l i n e ,  The l a s t  l i n e  

i s  f o r  the  i n t e r n a l  s tandard ,  The complete func t iona l  block 

diagram i s  shown i n  Figure 28, The i n s t r u m e n t  i s  operated 

completely from t h e  115VAC l i n e ,  The AC feeds  a synchronous 

chopper motor ( 5  r p s ) ,  the  regulated low,-voltage DC supp l i e s .  
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and some alarm c i r c u i t r y ,  which 1s n o t  shown, The low-voltage 

supp l i e s ,  i n  t u r n ,  feed a l l  of t h e  amplifying and computing 

c i r c u i t r y  and the high-voltage regula ted  supply f o r  t h e  photo- 

m u l t i p l i e r  t ubes ,  No vacuum tubes a r e  used, except  the two i n  

the recorders  themselves, Note t h a t  the i n d i v i d u a l  c a l i b r a -  

t i o n  r h e o s t a t s  ope ra t e  f r o m  t h e  common high-vol tage supply, 

The v a r i a t i o n  i n  system s e n s i t i v i t y  ( 3 0 ,  100,  and 300 ppm) i s  

a t t a i n e d  v i a  a load-switching c i r c u i t  a t  the  output  of the 

hydrogen and oxygen channels ,  T h e  10-cps s i g n a l s  from the 

three photomul t ip l ie rs  a r e  t h e n  amplif ied v i a  three AC-coupled 

a m p l i f i e r s ,  

S e h i n d  the AC amplifiers a r e  f u l l - w a v e  rectifiers. accom- 

p l i s h i n g  nonsynchronous de t ec t ion ,  These a r e  followed by 

s i n g l e  time-constant f i l t e r s ,  Amplif icat ion of the r e s u l t i n g  

W q i  qnal  l e v e l s  i s  accompli shed w i t h  small  ope ra t iona l  ampli- 

f i e r  modules; t h e  DC i s  t h u s  r a i sed  to  a vol tage  and power 

level app l i cab le  t o  ope ra t ion  of the Devar mul t ip l i e r -d iv i  der 

computer modules, continuously computing the ou tpu t  r a t i o  of 

each a n a l y t i c a l  l i n e  t o  the  argon i n t e r n a l  s tandard l i n e ,  The 

q u o t i e n t  s i g n a l s  a r e  f i n a l l y  appl ied t o  ~ n i i i i a t u r e  = L E ~ -  

t r a c k i n g  Rustrak recorders ,  T h e  recorders  have b u i l t - i n  

a d j u s t a b l e  high-level  c o n t r o l  c o n t a c t s  t h a t  ope ra t e  i n  conjunc- 

t i o n  w i t h  s epa ra t e  con t ro l  c i r c u i t r y  t o  form a high-level  

v i s u a l  and audib le  alarm system, 
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,2 Descr ipt ion of Components 

a ,  The Photomultipli-er and i t s  Power Supply, 

The photomul t ip l ie r  c i r c u i t  i s  shown i n  t h e  c i r c u i t  

diagram of a t y p i c a l  channel ampl i f i e r  i n  Figure 29, and i t s  

p o w e r  supply i s  shown i n  the  c i r c u i t  diagram of the  c o n t r o l  

u n i t  i n  Figure 3 0 ,  The RCA type 7102 i s  a 10-stage end- 

cathode type with an s-1 s p e c t r a l  response,  I n  t h i s  c i r c u i t  

i t  i s  operated a t  a nominal vol tage of 1 , O O O V  wi th  adjustments  

from 800 t o  1 , 2 O O V ,  A s i n g l e  Dumont-type Mu-metal s h i e l d  i s  

used t o  i s o l a t e  t h e  tube from magnetic f i e l d s ,  The dynode 

d i v i d e r  c u r r e n t  of 100 ruamp i s  s u f f i c i e n t  t o  prevent  appre- 

c i a b l e  loading due to  e i t h e r  signal c u r r e n t s  o r  excess ive  dark 

c u r r e n t ,  The range f o r  each of t h e  two a n a l y t i c a l  channels 

(0-30, 0-100, o r  0-300 ppm) i s  changed by switching i n  d i f f e r -  

e n t  photomul t ip l ie r  load r e s i s t a n c e s ,  Since the  photomul t ip l ie r  

i s  a current-generat ing (h igh  impedance) device ,  tne ouipi;t 

vo l t age  i s  d i r e c t l y  propor t iona l  t o  t h e  load r e s i s t a n c e ,  The 

f u l l - s c a l e  anode vol tage  f o r  each range i s  a nominal 0,8V 

peak-to-peak, Therefore the  maximum s i g n a l  current ,which 

occur s  i n  the  300-ppm positi.or;, i s  0,8V/l,O%or 0 ,8  ::amp, For  

t he  argon channel a cons tan t  10M load r e s i s t a n c e  i s  used, 

The high vol tage  f o r  the  pho tomul t ip l i e r s  i s  obta ined  

from a DC-DC converter  (Figure 3 0 ) ;  t h i s  i s  a s o l i d - s t a t e  

module N o ,  IL2-1750, supplied by the  I T T  I n d u s t r i a l  Labora- 

t o r y  t h a t  genera tes  2,000VDC from a 28VDC i n p u t ,  The 28V 

i n p u t  i s  der ived  from the  + l O V  regula ted  supply (another  module 
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i n  the con t ro l  u n i t )  and the -18V from the  Devar regula ted  

power supply, The connections t o  t h i s  supply a re  shown i n  

Figure 28, The - 2 , O O O V  from the  converter  i s  appl ied t o  a 

corona-type r egu la to r  tube c i r c u i t ;  the  corona tube ope ra t e s  

a t  1 , 2 0 O V ,  Ind iv idua l  r h e o s t a t s  f o r  the th ree  channels con- 

nected from the - 1 , 2 0 0 V  l i n e  a d j u s t  the  vol tages  across  the  

photomult ipl ier  dynodes t o  vary the gain of these  tubes,  This 

i s  an i n t e r n a l  adjustment and should not  have t o  be changed 

a f t e r  the  i n i t i a l  c a l i b r a t i o n  of the  var ious channels,  

The e f f e c t  of ambient temperature on the  s e n s i t i v i t y  of 

t he  photomul t ip l ie rs  r e s u l t s  only from a change i n  photo- 

m u l t i p l i e r  supply vol tage,  W t h  a 4OoC temperature change, 

from 5OC t o  45OC, t he  output  voltage from the  converter  ciiaiiges 

4%, This changes the  corona tube vol tage 0,,4% and, due t o  the  

e i g h t  power exponent ia l  r e l a t i o n s h i p  of the  photomul t ip l ie r ,  

changes the  gain of the  photomult ipl ier  about 3% 

b, Channel Amplif ieg--gircuytrx -~ 

The th ree  channel ampl i f i e r s ,  which a re  e f f e c t i v e l y  

ca r r i e r - type  ampl i f i e r s ,  amplify the 10-cps s i g n a l  from the 

r e spec t ive  photomul t ip l ie rs ,  rectify, f i l t e r ,  and amplify the  

r e s u l t i n g  DC s i g n a l  f o r  appl ica t ion  t o  the  mul t ip l i e r -d iv ide r  

modules, A s  shown i n  Figure 28, a f i e l d - e f f e c t  t r a n s i s t o r  i s  

appl ied  a s  a high-impedance input  s t age  and i s  followed by a 

p l ana r  b ipo la r  t r a n s i s t o r  f o r  a d d i t i o n a l  ampl i f i ca t ion ,  The 

t h i r d  (b ipo la r )  s t age  a c t s  a s  a p h a s e - s p l i t t e r ;  two s i g n a l s  

t h a t  d i f f e r  i n  phase by 180" a re  produced and appl ied t o  a 
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full-wave r e c t i f i e r  c i r c u i t ,  Note t h a t  the  second s t age  i s  

d i r e c t l y  coupled t o  the  f i rs t  and t h a t  a direct-coupled 

degenerative feedback loop e x i s t s  between t h e  two, 

The open-loop vol tage gain f o r  the  two s t a g e s  i s  approxi- 

mately 1,300 and the  closed-loop gain i s  10 ,  g iv ing  a feedback 

f a c t o r  of 43 dec ibe l s ,  The 10M b i a s  r e t u r n  r e s i s t o r  a t  t h e  

f i e l d - e f f e c t  t r a n s i s t o r  ga t e  i s  bootstrapped t o  the  source 

through the  0 , 5 6 - ~ ~  coupling capac i to r ,  T h i s  achieves an e f f e c -  

t i v e  inpu t  impedance f o r  the stage of 1,000M and thus  p re sen t s  

a neg l ig ib l e  load t o  the  (maximum o f )  10M photomult ipl ier  load 

r e s i s t a n c e ,  

'The freqiieilcy resxr?se of the  AC a m p l i f i e r ,  a s  fed from a 

high-impedance source,  i s  from 4 t o  40 cps ,  The maximum 

s i g n a l  ou tput  i s  15 t o  16V, peak-to-peak, T h i s  r e s u l t s  i n  a 

Dc s i g n a l  a t  the f i l t e r  output .  taken ac ross  the  10-1 c a p a c i t o r ,  

of 0,64V, The r e c t i f i e r - f i l t e r  c i r c r i i t  is average ~edzilliq an5 

employs paral le l -connected diodes and a high r e s i s t a n c e  load 

t o  achieve l i n e a r i t y  over a wide range of s i g n a l s ,  Tne f i l t e r  

time cons tan t  i s  approximately 0,2 sec ,  

The DC ampl i f ie r  i s  2 d i f f e r e n t i a l - i n p u t  ope ra t iona l  

ampl i f i e r  type,  It  i s  a small s o l i d - s t a t e  module mounted on 

the  c a r r i e r  ampl i f ie r  c i r c u i t  board along w i t h  t he  o t h e r  com- 

ponents. I ts  feedback loop gives a s t a b i l i z e d g a i n  of 16 ,  

r a i s i n g  the  0,64V f i l t e r  ou tpu t  t o  a f u l l - s c a l e  output  of 1OV 

f o r  each channel. The DC ampl i f ie r  i s  operated i n  a noninverted 
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mode t o  g ive  a very high closed-loop i n p u t  impedance so t h a t  

loading of t h e  high-impedance r e c t i f i e r  c i r c u i t  i s  prevented, 

N o t e  t h a t  t h e  DC ou tpu t  of a l l  t h r e e  channel ampl i f i e r s  

i s  routed t o  t h e  appropr ia te  input  of t h e  Devar m u l t i p l i e r -  

d i v i d e r s  ( r a t i o  computers) i n  Figure 28 ,  The ou tpu t  of  t h e  

argon channel,  i n  addi t ion .  i s  routed t o  a pane l  m e t e r  c i r c u i t  

i n  t h e  con t ro l  u n i t ,  

t he  f u l l  1OV f o r  t h e  channel reads f u l l  scale on t h e  panel  

m e t e r ,  The panel m e t e r  de f l ec t ion  i s  used i n  i n i t i a l  ca l ib ra -  

t i o n  of t h e  system, This procedure i s  descr ibed  l a t e r ,  

The m e t e r  c i r c u i t  i s  arranged such t h a t  

c,  R a t i o  Computers - 

The t w o  ~ d i i o  compu te rs  are t h e  Devar-Kinetics type 

19-302 mul t ip l i e r -d iv ide r ,  These are so l id-s ta te  hlgn-spes< 

switching modules i n  which t h e  computer func t ions  are performed 

by varying the  width and he ight  of s h o r t  pu l se s  and by sub- 

sequent i n t e g r a t i o n ,  The computer func t ion  i s  as  L ' u l l s w s .  

where I 

A1 and A. are cons tan ts  
I 
I The p r i n c i p a l  c o n s t r a i n t s  a r e :  

where 

X2 = p o s i t i v e  p o l a r i t y  value 

X3 = p o s i t i v e  p o l a r i t y  va lue ,  
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I n  t h e  present system, a +1OV p o t e n t i a l  from the  regula ted  

supply i n  t h e  con t ro l  u n i t  i s  used f o r  X2' 

mult ip ly ing  r e s i s t o r s  a r e  used f o r  each of t h e  A1 and A. posi-  

t i o n s ,  making these  cons t an t s  0 , 5  and 2 ,  r e s p e c t i v e l y ,  Thus 

Also, 40,000 ohm 

t h e  func t ion  becomes: 

0 0 5  X1 
xo = ( x3 10) * 

Therefore i f  X1, t h e  a n a l y t i c a l  P i n e  s i g n a l  energy, and X3, 

t h e  s tandard argon s i g n a l ,  a r e  equal ,  t h e  ou tpu t  f o r  t h e  Devars 

i s  a c t u a l l y  1 O V  and the  f u l l - s c a l e  r a t e d  va lues  f o r  t he  X1 and 

X? Devar i n p u t s  a r e  a l s o  l O V ,  I f  for  some reason t h e  X1 i n p u t  

should be yieater than the  X3 i npu t ,  t h e  o u i p t t  vczlc? r i se  

above the  f u l l  s c a l e  of 1 O V  and could no t  be read on t h e  re- 

- 

corder ,  Thus t h e  f i r s t  c o n s t r a i n t  above must always be main- 

Itairled, Ths phys ica l  c i r c u i t r y  does n o t  p e r m i t  X3 t o  become 

negat ive ;  thus  a l l  of t h e  c o n s t r a i n t s  a r e  m e t ,  The computer 

modules operate over a wide range of i n p u t s ;  a t  2% of f u l l -  

s c a l e  i n p u t  the ou tpu t  e r r o r  i s  only  1%, 

d ,  Control - U n i t ?  Re-corders, and Power Suppl ies  

The c i r c u i t r y  f o r  t h e  con t ro l  u n i t  i s  show~i ir; Figure 3 0 ,  

The high-voltage r egu la to r  and the  argon c a l i b r a t i o n  c i r c u i t  

have a l r eady  been d iscussed ,  The +1OV power supply i s  t h e  

Plug-In Instruments model SPS-2010-P and i s  r a t e d  a t  1 O V  and 

175-mamp ou tpu t ,  This supply r e g u l a t e s  l i n e  changes from 100 

t o  13OVAC wi th in  O,Ol% and has a no ise  ou tpu t  of 0 , 8  mV, 
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The alarm c i r c u i t r y  (Figure 30) c o n s i s t s  of  the thermal 

de lay  r e l a y ,  the conventional r e l a y ,  buzzer,  l i g h t ,  and push 

but ton ,  When the high-level  l i m i t  f o r  e i ther  a n a l y t i c a l  

channel i s  reached, the de lay  r e l ay ,  the buzzer,  and the l i g h t  

a r e  energized,  Af t e r  a 2-sec de lay ,  the delay con tac t  opens,  

deenergizing the buzzer,  the  l i g h t ,  and the de lay  h e a t e r ,  

A f t e r  the h e a t e r  coo l s ,  the con tac t s  c l o s e  again and so on ,  

g iv ing  on-off cyc le s  of approximately 2 sec each, 

The two r eco rde r s  are Rustrak model 1 4 1 - A  recorder-  

c o n t r o l l e r s ,  These a r e  meter-movement minia ture  r eco rde r s  i n  

w h i c h  a clamping bar  i n t e r m i t t e n t l y  clamps the m e t e r  needle t o  

the  p res su re - sens i t i ve  paper, making a small  d o t ,  The clamp- 

i n g  ( s t r i k i n g )  r a t e  i s  3-3/4 per sec and t h e  c h a r t  speeu i s  

450 in , /h r ,  producing dots  t h a t  a r e  spaced 0,03 i n ,  a p a r t ,  

Adjustable c o n t a c t s  a r e  provided f o r  high-level  and low-level 

c o n t r o l ,  Only the high-level  con t ro l  i s  used i n  tnis system, 

When the m e t e r  needle reaches the p o i n t  a t  w h i c h  the con tac t  

i s  s e t ,  a ground c i r c u i t  i s  completed and, through ampiif ica-  

t i o n ,  a c o n t r o l  r e l a y  i s  energized, The c i r c u i t  diagram fo r  

the recorder -cont ro l  i s  s h o w n  iii Figcre 3 1 -  

The + 1 8 V  and - 1 8 V  sources ,  which feed the channel ampli- 

f i e rs ,  the r a t i o  computers, and the high-voltage conver te r ,  a r e  

suppl ied  by the Devar-Kinetics type 19-601 p o w e r  supply, This  

i s  a s o l i d - s t a t e  regula ted  supply t h a t  r e g u l a t e s  l i n e  va r i a -  

t i o n s  from 95 t o  13OVAC w i t h i n  0,025%; i t s  noise  ou tpu t  i s  

1 mV, 
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Figure 31 

CIRCUIT DIAGRAM O F  RUSTRAK RECORDER-CONTROLLER 
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e ,  Interconnect inq W i r i x  

Figure 32 i s  t h e  in te rconnec t ing  wir ing  diagram, The 

var ious  panel-mounted modules a re  arranged i n  t h e  same phys ica l  

l o c a t i o n s  as t h e  a c t u a l  modules, The  connections to  t h e  three 

p h o t o m u l t i p l i e r s a r e  loca t ed  i n  the upper r i g h t  w i t h  t h e  

m i l i t a r y  s p e c i f i c a t i o n s  connector p i n  des igna t ions ,  

t o  the sychronous 300-rpm chopper motor i s  shown i n  the upper 

l e f t ,  The +18V, -18V, and ground connections t o  the channel 

ampl i f i e r  and t h e  r a t i o  computers a r e  made w i t h  i nd iv idua l  

l e a d s  t h a t  run t o  a terminal  board a t  the Devar power supply 

source,  T h i s  ~ ~ c i l i t ~ t e s  t roubleshoot ing and l e s s e n s  the 

_ p s s i b i l i t y  of cross-coupling Setweer? channels Separate  

c i rcui t -ground and chassis-ground systems a r e  used, The con- 

nec t ions  shown t o  t h e  r a t i o  computers a r e  i n  the same r e l a t i v e  

p o s i t i o n s  as the a c t u a l  connect ions,  The two recording meters 

and the one panel m e t e r  a r e  a c t u a l l y  1-mamp f u l l - s c a l e  m e t e r s  

and a r e  connected w i t h  10,000-ohm s e r i e s  r e s i s t a n c e  t o  o b t a i n  

the 1OV f u l l - s c a l e  d e f l e c t i o n ,  

3 C a l i b r a t i n g  Procedure 

The e l e c t r o n i c  c a l i b r a t i n g  procedure for the Welding 

Spectrometer Analyzer i s  q u i t e  simple,  Before a c t u a l  c a l i b r a -  

t i o n ,  however, i t  i s  advisable  t o  check the  p o s i t i o n  of the 

t h r e e  ex i t  s l i t s  wi th  the a i d  of  an osc i l l o scope ,  W i t h  t h e  

v e r t i c a l  i n p u t  t o  the scope connected t o  the AC AMP t e s t  jack  

and t h e  ground tes t  j ack  of a given channel a m p l i f i e r ,  the 

corresponding s l i t  i s  adjusted such t h a t  a 10 pulses/sec 

The wir ing  
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waveform i s  d isp layed ,  

t o  one side o r  the o t h e r ,  only a 5 pulses/sec waveform would 

be obtained,  The waveshape can be ad jus t ed  so t h a t  the duty  

cycle  i s  not  unduly high o r  low by a d j u s t i n g  the p o s i t i o n  of 

t h e  wedge chopper, 

If the s l i t  i s  s u f f i c i e n t l y  o f f  cen te r  

I n  a c t u a l  e l e c t r o n i c  c a l i b r a t i o n ,  t h e  argon s tandard 

channel i s  set  up  f i rs t ,  

argon added t o  the shield gas  the  r h e o s t a t  i n s i d e  the c o n t r o l  

u n i t  1abeled'AR''is ad jus ted  so t h a t  an on-scale of the panel 

m e t e r  i s  obta ined ,  The pot should then  be locked, 

gen channel can next  be c a l i b r a t e d ,  W i t h  a known concent ra t ion  

of hydrogen added t o  the s h i e l d  gas ,  e o g o ,  100 or 200 ppm, the 

r h e o s t a t  l abe led  'hydrogen" i s  adjusted so t h a t  the proper 

d e f l e c t i o n  i s  obtained o n  the hydrogen recorder  ( w i t h  the  proper 

range selected a t  the channel a m p l i f i e r ) .  T h i s  pot should then  

be locked, The same procedure should be followed fo r  the 

oxygen channel,  The system now should be i n  proper c a l i b r a t i o n ,  

With t h e  predetermined percentage of 

The hydro- 

4, Operatinq Procedure 

The ope ra t ing  procedure f o r  t he  system i s  exceedingly 

s i m p l e ,  

s w i t c h  and the  proper range se l ec t ed  f o r  hydrogen and for  

oxygen a t  the r e spec t ive  channel ampl i f i e r s ,  During ope ra t ion ,  

the argon energy monitoring panel meter should be observed from 

t i m e  t o  t i m e ,  It should not  go o f f  s c a l e  o r  t o  extremely low 

va lues  f o r  optimum accuracy, If the d e f l e c t i o n  does go t o  

e i ther  extreme, a t roubleshoot ing a n a l y s i s  must be made, 

The instrument  i s  turned on Lji ii;eans of the main p o w e r  
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c 

5 Troubleshootinq Suqqestions 

All of t h e  panel-mounted modules can be withdrawn from 

the  cab ine t  and tested under p o w e r  because of t h e  s l a c k  l e a d  

l eng th  provided, I f  t roub le  i s  suspected i n  one of  the channel 

a m p l i f i e r s ,  check the DC vol tages  a t  the var ious  p o i n t s ,  as  

shown i n  the c i r c u i t  diagram, 

connect an osc i l l o scope  t o  the A 6  AMP jack ,  The noise  a t  t h i s  

p o i n t  ( w i t h  the  u n i t  i n  the rack o r  shielded w i t h  a sheet of 

grounded f o i l )  should be less than 5 t o  15 mm peak-to-peak of  

I f  a channel appears  t o  be noisy ,  

60-cps pickup w i t h  the  HV switch (photomul t ip l ie r  supply) i n  

the c o n t r o l  uzit turned o f f ,  Some random ( w h i t e )  no ise  w i l l  

be added w i t h  the HV turned on and the chopper motor turned 

o f f  because of the dark c u r r e n t  flowing i n  the  pho tomul t ip l i e r ,  

To t e s t  the var ious  c i r c u i t  p o i n t s  i n  the HV supply,  a 

20,000 ohms/volt ( o r  higher)  meter should be used t o  prevent  

loading,  The c u r r e n t  drawn by each photomul t ip l ie r  dynode 

d i v i d e r  i s  only  about 100 "amp; t h i s  f a c t  should be considered 

i f  o r  when dynode vol tage  measurements a r e  made, 
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